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ABSTRACT 

The ground tracks for J missions to Hadley and 

Copernicus missions are north of the equator on the near side, 

for a Descartes mission south of the equator and for a Marius 

Hills mission over portions of the southeast and the northwest 

quadrants on the near side. 

and Descartes provide coverage of the southern highlands. 

Only missions to Marius Hills 

Probable approach azimuths are : 

Marius Hills -94 '  

Hadley -91' to -95' 

Descartes -85' to -87' 

Copernicus -87.5 '  to -91.5' 
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MEMORANDUM FOR FILE 

The set of ground tracks attached cover many 
of the possibilities for J-1, J-2, and J-3 missions; 5 4 -  or 
66-hour stay, parallel or series CSM science activities, and 
selected landing site options. The landing site and launch 
date options covered were: 

J-1 Hadley 7/71 to 9/71 
J-2 Descartes 2/72 to 6/72 
J-3 Copernicus, Hadley 7/72 to 2/73 

and Marius Hills 

Lunar ground tracks are uniquely defined by the 
landing site, the approach azimuth and the lunar orbit timeline. 
The following observations on the timelines and approach azimuths 
show that a few ground tracks are sufficient to cover all 
possibilities. 

Time 1 ine s 

The four lunar orbit timelines represented by the 
two stay times and series or parallel science appear in Table 1. 
A fifth timeline is shown for the parallel 66-hour case with 
the post ascent time reduced by approximately twenty-four hours. 
Fewer post-ascent orbits of the moon are made with the parallel 
science timeline, otherwise the timelines for series and parallel 
science are identical. Since changes in the post-ascent orbital time 
line have only a secondary effect on approach azimuth selection, 
only ground tracks for series science timelines have been provided. 
The paraiiei science tlnelifie co.v.zrage is represented hy the 
area remaining after deleting the coverage provided during the 
extra post-ascent revolutions provided for in the series timeline. 

-I- 

Ground Tracks 

The ground track is the locus of sub-vehicle points 
on the lunar surface directly below the spacecraft as it orbits 
the moon. 

The CSM lunar orbits are tracked over both the dark 
and the sunlit portions of the lunar surface. 
the ground track are plotted for the sunlit portion for sun 
elevations in increments of ten degrees. The sub-vehicle points 
indicated on the dark side are nadirs of the sunlit points. 

The points on 
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A p o r t i o n  of a t y p i c a l  ground t r a c k  i s  shown i n  
F igu re  1. S e l e c t e d  ground t r a c k s  have been i n d i c a t e d ,  showing 
t e r m i n a t o r  c r o s s i n g s  and d i r e c t i o n  of movement. 

Dots ( s u n l i t  po r t ion )  and p l u s  s i g n s  (dark p o r t i o n )  
i n d i c a t e  o r b i t s  f r o m  L O 1  t o  t h e  CSM p l ane  change (LOPC l), and 
squa res  ( s u n l i t  p o r t i o n )  and ' I d '  s1' (dark p o r t i o n )  i n d i c a t e  t h e  
remaining o r b i t s  from t h e  plane change t o  T E I .  N o  b o o t s t r a p  
maneuver (LOPC 2 )  w a s  included.  Revolution number can be e s t a b -  
l i s h e d  by count ing  t h e  symbols a long  a c o n s t a n t  sun e l e v a t i o n  
row from r i g h t  t o  l e f t .  Counting over  t h e  same number on an  
a d j a c e n t  sun e l e v a t i o n  r o w  w i l l  y i e l d  another  p o i n t  on t h e  s a m e  
ground track. By proceeding along each sun e l e v a t i o n  r o w  a 
ground track f o r  a p a r t i c u l a r  r e v o l u t i o n  can be e s t a b l i s h e d .  

The locus  of p o i n t s  w i t h  a c o n s t a n t  sun e l e v a t i o n  i s  a 
c i rc le  p r o j e c t e d  on the  moon. The r a d i u s  of t h i s  c i rc le  dec reases  
as sun e l e v a t i o n  approaches 90'. The t e rmina to r  r e p r e s e n t s  a 
l u n a r  g r e a t  c i rc le  and s i n c e  t h e  s u b s o l a r  p o i n t  f a l l s  nea r  t h e  
e q u a t o r ,  the  t e rmina to r  c l o s e l y  f o l l o w s  a c o n s t a n t  l ong i tude .  
Only a s m a l l  r e l a t i v e  movement between t h e  i n e r t i a l  l u n a r  o r b i t  
and t h e  sun i s  n o t i c e a b l e  dur ing  t h e  t i m e  i n  l u n a r  o r b i t  so  t h e  
s u n ' s  r e l a t i o n  t o  the  o r b i t i n g  spacecraft i s  n e a r l y  c o n s t a n t .  T h e  
r o t a t i o n  of t h e  moon under t h e  o r b i t  causes  t h e  ground track and 
t h e  t e rmina to r  t o  move westward about  one degree  p e r  r e v o l u t i o n . *  
The p l ane  change maneuver changes t h e  l a t i t u d e  of t h e  t e rmina to r  
c r o s s i n g  b u t  t h e  long i tude  cont inues  i t s  w e s t w a r d  p rog res s ion .  
T h e  ground track c r o s s i n g  of a l ocus  of c o n s t a n t  sun e l e v a t i o n  
nea r  90' can show a s u b s t a n t i a l  change i n  both  l a t i t u d e  and longi -  
tude  as a r e s u l t  of a p lane  change. 

The ground tracks a r e  p re sen ted  as Figures  2 through 
9 .  T a b l e  I1 shows which t o  u s e  f o r  each miss ion  op t ion .  Each 
ground track is  l a b e l e d  w i t h  t h e  sun e l e v a t i o n  a t  l and ing  f o r  
t h e  r e f e r e n c e  mission used t o  g e n e r a t e  t h e  ground track. The sun 
e l e v a t i o n s  i n d i c a t e d  on t h e  tracks are dependent on t h e  l and ing  
sun e l e v a t i o n s  and must be ad jus t ed  accord ingly  f o r  l and ings  a t  
other  sun e l e v a t i o n s .  

Coverage Observat ions 

Missions t o  Copernicus and Hadley r e s u l t  i n  coverage 
i n  t he  n o r t h e r n  hemisphere on the  moon's near  s i d e  and i n  t h e  

*The motion of the  ea r th  about  t h e  sun causes  t h e  i n t e r -  
s e c t i o n  p o i n t s  of the  ground t rack  and t e rmina to r  t o  s l o p e  s l i g h t l y  
r e l a t i v e  t o  t h e  equa to r  a s  t h e  o r b i t  track proceeds w e s t w a r d .  
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sou the rn  hemisphere on t h e  fa r  s i d e .  
ates coverage on t h e  near  s i d e  i n  t h e  sou th  and on t h e  f a r  side 
i n  t h e  no r th .  Marius H i l l s  missions cover  g e n e r a l l y  t h e  south-  
east  and t h e  northwest  on t h e  near  s i d e  and t h e i r  oppos i t e s  on 
t h e  back s i d e .  Only Marius H i l l s  and Descartes miss ions  provide  
o p p o r t u n i t i e s  t o  pass  over  t h e  h ighlands  i n  t h e  s o u t h e a s t .  During 
a Descartes miss ion  t h e  s o u t h e a s t  i s  covered w i t h  a r i s i n g  sun and 
du r ing  a Marius H i l l s  m i s s i o n  wi th  a s e t t i n g  sun.  

A Descar tes  mission gener- 

A Hadley m i s s i o n  would r e s u l t  i n  t h e  h i g h e s t  i n c l i n a -  
t i o n ,  up t o  28O. The Marius H i l l s  o r b i t  i n c l i n a t i o n  can  be up t o  
15O, Copernicus 1 2 O ,  and Descar tes  loo. 

Approach Azimuth S e l e c t i o n  

The optimum approach azimuth f o r  each launch month and 
t i m e l i n e  w a s  determined and i s  shown i n  Table 111. E s t i m a t e s  
w e r e  made of t h e  approach azimuth r equ i r ed  f o r  a three-month 
sequence of launches by us ing ,  (1) an average of t h e  optimum 
azimuths f o r  t h e  sequence of  months, o r  when necessary ,  ( 2 )  t h e  
azimuth of t h e  month i n  t h e  sequence where t h e  SPS margin w a s  
nea r  zero.  These select ions a r e  i n d i c a t e d  i n  Table  I1 b u t  can be 
summarized as: 

Marius H i l l s  w i l l  r e q u i r e  an approach azimuth nea r  
-94'  f o r  J - 3 .  

Hadley w i l l  r e q u i r e  approach azimuths between 
- 9 1 O  and -96O for J-1 and J - 3 .  

Descartes w i l l  r e q u i r e  an azimuth between -87O 
and -85" for 5-2. 

Copernicus w i l l  r e q u i r e  an azimuth between -87.5O 
and 91.5' f o r  J - 3 .  

The optimum approach azimuth can change wi th  vary ing  
pos t - a scen t  s t a y  t i m e  b u t  t h e  change w i l l  be  s m a l l  and w i l l  n o t  
s i g n i f i c a n t l y  a f f ec t  t h e  ground t r a c k s .  The s h o r t e r  pos t - a scen t  
t i m e  reduces t h e  T E I  AV requirements  and i n c r e a s e s  t h e  SPS AV 
margin a l lowing  o f f  optimum approach azimuths t o  be flown. 

2013-RAB-slr R.  A.  B a s s  

A t  tachmen ts 
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